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Abstract 
The influence of crack length and crack quantity on crack fractal evolution in rock was studied by use of a large 
number of crack propagation images under different stress states in order to research on influence of initial crack 
geometrical properties on rock failure. The role of single geometrical property contribution to rock failure was 
analyzed based on the numerical test results. Judgement matrix was established. Bearing capacity for three selected 
specimens is assessed based on AHP. The result is same as numerical test. Theoretical reference is provided for study 
on crack propagation laws of crack rock mass. 
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1. Introduction 
There is an amount of cracks distributed disorderly in natural rock mass. It is proved that projection 
instability is closely related to development and penetration of cracks by a large number of geotechnical 
engineering practices. The direction of main break is controlled by interaction of cracks. Cracks 
interaction is effected by initial crack geometrical elements such as crack length, crack quantity, crack 
level spacing, vertical spacing and inclination angle[1-2]. The role of a single geometrical property 
contribution to rock failure is different. Bearing capacity and failure mode of rock mass are affected by 
combinatory form of these factors. Therefore, superiority analysis of influence of initial crack geometrical 
properties on rock failure is important for security and stability of engineering rock mass. 
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2. Crack fractal features of rock including initial cracks 
It has been shown that the distribution of rock fractures have certain self-similarity under external 
loads[3-4]. Rock mass structure is described quantitatively by fractal dimension. Influence laws of the 
initial crack geometry factors on crack fractal evolution in rock are analyzed. These conclusions will 
further reveal the mechanism of rock failure. It will have a positive meaning for study on structural 
stability.  
2.1. Numerical simulation scheme of crack propagation in rock  
The process of crack propagation in rock is simulated using numerical test of rock failure RFPA. Plane 
stress model is adopted. Specimen is 150mm long and 150mm wide. There are six specimens including 
single crack specimen, double cracks specimen and three cracks specimen. The length of three cracks is 
separate 30mm, 40mm and 50mm. Cracks is close without filling. The mechanical parameters of the 
model come from similar material tests. It is shown as Table 1. Air cell is used to represent the initial 
crack in specimen during simulation. Initialization value is assigned by the combination of Monte-Carlo 
and statistical method. Mechanical properties of mesoscopic matrix obey the Weibull distribution.  
Mechanical properties of rock are described by linear elasticity before failure. Grid cells are divided 
into 150150 . 
Tab.1. Mechanics parameters of the model material 
Mechanics 
parameters 
σc 
MPa 
σt 
MPa 
E 
GPa μ 
  
Kg/m3 
Test value 50 2.1 13.30 0.14 2.39 
2.2. Crack fractal features in rock 
The propagation process of cracks in rock is simulated using numerical test of rock failure RFPA. 
Pictures of cracks evolution are gained under different stress states. Using this method, the phenomena of 
crack initiation and propagation are well reproduced. Damage is appeared along initial crack for single 
crack specimen under biaxial loading (vertical stress value is quintupling as big as horizontal stress value). 
The process of cracks evolution is self-similar. 
It should be noted that initial crack does not have fractal characteristics which simulated initial damage 
in rock. Fractal dimension value of cracks in rock is calculated. The relational curves of fractal dimension 
and stress are shown in Figure 1. 
    
Fig.1. The relational curve of crack fractal dimension and maximum shear stress  (a) single crack specimen; (b) specimens of 
different amount of cracks; (c) specimens of different crack length 
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Conclusions can be obtained from these curves. Firstly, the crack propagation process is divided into 
five stages including Initial damage closed stage, damage evolution before crack initiation stage, crack 
occurrence stage, crack stable propagation stage and crack unstable propagation stage according to fractal 
dimension - stress curve. Secondly, during damage evolution before crack initiation stage, the longer 
crack length is, the lower stress of crack initiation is. The longer crack length is, the bigger fractal 
dimension value is under the same stress. Thirdly, crack initiation stress of double cracks specimen is the 
lowest within a certain range. The more crack quantity is, the bigger fractal dimension value is when rock 
failure. 
3. Superiority analysis of influence of initial crack geometrical properties on rock failure 
3.1. Analysis of numerical experiment results 
Three specimens are adopted when influence of initial crack geometrical properties on rock failure 
patterns and bearing capacity are studied. The mechanical parameters of the model are shown as Table 1. 
The specimen is 150mm long and 150mm wide. Crack single is 30°. The values of initial crack 
geometrical properties are shown as table 2. The results of numerical experiment are shown as figure 2. 
 Tab.2. Value of geometric elements of initial crack  
Specimen C1 C2 C3 
Crack length（mm） 30 40 50 
Crack quantity 3 2 2 
Crack level spacing（mm） 10 20 10 
Crack vertical spacing（mm） 20 20 10 
Crack single（°） 30 30 30 
       
                            step 119 ( 26 )                                               step 120 ( 25 )                                           step 115 ( 47 ) 
Fig.2. (a) failure patterns of C1 specimen;  (b) failure patterns of C2 specimen; (c) failure patterns of C3 specimen 
Crack development is most difficult in C3 specimen. Initial cracks are opened at step 116. Splitting 
cracks is becoming with crack rapid evolution. Many across cracks occurred in C2 specimen and C3 
specimen because crack vertical spacing is smaller than C1 specimen. The order of bearing capacity is 
PC2> PC1> PC3 according to loading steps. When specimens are destroyed, the maximum shear stress is 
40.3MPa in C1 specimen, 53.1MPa in C2 specimen, 39.1MPa in specimen C3. So, C2 specimen is the best 
for shear-bearing capacity. 
3.2 Superiority analysis based on AHP 
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The influence of crack length, crack quantity, crack horizontal spacing and vertical spacing on rock 
failure under the same angle is studied[5]. Hierarchical structure model is shown in Figure 3. B is 
judgement matrix. 
 
Fig.3. Hierarchical structure model 
According to the hierarchical model, the relative importance on target level is compared between 
different factors using scaling law from one to nine. Judgment matrix is shown as Table 3 to Table 7. The 
maximum eigenvalue，eigenvectors and weighted value are calculated. 
Tab.3. Judgement matrix for U1-Ci 
B1 C1 C2 C3 
C1 1 1/3 1/5 
C2 3 1 1/4 
 C3 5 4 1 
Tab.4. Judgement matrix for U2-Ci 
B2 C1 C2 C3 
C1 1 3 3 
C2 1/3 1 1 
C3 1/3 1 1 
Tab.5. Judgement matrix for U3-Ci 
B3 C1 C2 C3 
C1 1 2 1 
C2 1/2 1 1/2 
C3 1 2 1 
Tab.6. Judgement matrix for U4-Ci 
B4 C1 C2 C3 
C1 1 1 1/4 
C2 1 1 1/4 
C3 4 4 1 
We can see from the above calculations that the order of weighted value for influence factors is W1 = 
W4> W3> W2 (W is the weighted value). That is to say that crack length has a common influence on 
bearing capacity of rock with crack vertical spacing. In four factors, crack length and crack vertical 
spacing are best for influence on bearing capacity of rock, and crack level spacing is also superior to 
crack quantity. 
Crack 
length 
U1 
 
Crack 
quantity
U2 
 
Crack 
level 
spacingU
3 
 
Crack 
vetical 
spacing 
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C1 C2 C3 
Rock failure U 
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The order of scores for different crack specimens is C3＞C1＞C2. That is to say that it is the easiest to 
be destroyed for C3 specimen under the same pressure. The result is same as numerical test. 
Tab.7. Judgement matrix for U-Ui 
B U1 U2 U3 U4 
U1 1 4 3 1 
U2 1/4 1 1/2 1/4 
U3 1/3 2 1 1/3 
U4 1 4 3 1 
Tab.8. The weighted value of factors 
Factor U1 U2 U3 U4 
Weighted value 0.385 0.087 0.142 0.385 
Tab.9. Score of different specimens 
Specimen C1 C2 C3 
Score 0.212 0.197 0.590 
4. Conclusion 
Rock mass failure characteristics during mining are decided to a large extent by initial cracks. The 
influence of initial crack geometrical properties on rock failure is analyzed based on numerical test and 
theoretical research. Crack length has a common influence on bearing capacity of rock with crack vertical 
spacing. For four factors, crack length and crack vertical spacing are best for influence on bearing 
capacity of rock, and crack level spacing is also superior to crack quantity. 
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